INTRODUCTION
Any more, the news is familiar and expected. Whereas U.S. elementary and high school students perform well in comparison with their foreign counterparts on international tests of reading achievement, they perform poorly on international tests of mathematics and science achievement.
Several explanations have been posed to explain the poor U.S. performance in math and science, such as a relatively shorter school year in the United States, fewer required math and science courses in U.S. high schools, subpopulations taking the exams that differ from country to country in the proportions of students at each grade level represented, and inferior school systems. The full explanation for the relatively poor U.S. performance in math and science is certainly multifaceted. 85 Ironically counterpoised to this image of low U.S. achievement in math and science are National Education Goals 4 and 5 that posit, respectively, that U.S. students will be first in the world in math and science, and that every adult American will possess the knowledge and skills necessary to compete in a global economy (National Education Goals Panel 1994) . The goals underscore the important role our society believes math and science proficiency play on the modem global economic stage.
Another possible, albeit only partial, explanation for the poor U.S. achievement in math and science is posed here. The United States, almost alone in the world, does not use a single system of measurement. We use two systems of measurement: the metric system and the inch-pound system. And, we teach both of these systems of measurement in the schools. Along with the possible confusion from learning two systems, there is a cost associated with the time spent teaching two systems. A half year of instruction or more may be spent in this duplication of effort.
Our schools spend one to several weeks a year teaching two measurement systems when teaching just one could be done in less time. Elementary school mathematics textbooks generally give equal weight to the two systems, as do the curriculum standards of the National Council of Teachers of Mathematics (1989) . Educators feel forced to teach both systems because, even though Americans still primarily use the inch-pound system in our daily lives, the metric system is used in many professions (e.g., medicine, science, and engineering) and now in much of industry. High school science courses now use the metric system exclusively.
The object of this article is to test some of the arguments that could be used to make valid education's case for conversion to a single system. This will be done by developing quantitative measures of the benefits and costs of three possible measurement system conversion strategies available to the United States currently, calculating the net benefits of each, and comparing them.
The three conversion strategies presented here are hardly the only ones possible; many others could fall within the realm of possibility. The object here is simply to propose three reasonable strategies, with three reasonable, albeit rough, calculations of the resulting benefits and costs.
Any reasonable estimates of the benefits and costs of measurement system conversion as they pertain to education would be an improvement over what we have now, which is no estimates at all. In current debates over measurement system conversion, the potential effects of conversion on the education system are referred to in only the most general terms, when referred to at all. 87 The GAO study did not attempt, in particular, to estimate the savings in classroom time that a metric conversion would effect, nor did it anticipate that our schools would be stuck with both systems of measurement in their curriculum and not just the inch-pound system. Neither did the GAO study consider the possibility of a soft conversion plan, which is described here.
As a result of the criticisms from the GAO and elsewhere, and the public's skepticism of the value of metric conversion, public conversion efforts were cut back. The chief federal government spokespersons for metric programs in the Commerce Department's Office of Metric Programs were careful to point out that no one was now being forced to convert to metric. They even euphemized the phrase &dquo;metric conversion&dquo; to the less threatening &dquo;metric transition.&dquo; And, they accepted the notion that U.S. society would be &dquo;bilingual in measurement&dquo; for some time to come (Underwood 1990; Schmidt and Gwin 1988) .
In industry, however, metric conversion continued at a deliberate pace. By 1990, some U.S. industries had gone completely metric. Others were in the process of changing, while still others had no plans to change. One survey found that, as early as 1982, 62% of Fortune 1000 firms made at least one metric product, 34% of new products used metric designs, 32% of total net sales were in metric-designed products, 16% of firms reported some loss in sales because of a failure to use metric in product design, 68% felt that metric would become predominant in their industry, and over 50% favored mandatory conversion within 20 years (&dquo;Shift to Metric&dquo; 1982; D. Gorin, personal communication, July 1990) .
Tucked into Congress' 1988 (Fehr 1992 (NCTM 1989) . The NCTM standards, however, do not choose between metric and inch-pound. In the book that the NCTM's effort produced, measurement concepts are explained alternately using each measurement system, thus giving each measurement system equal treatment.
To prepare students for science, medicine, engineering, and design fields-to be good producers-teachers need to teach metric. To prepare students to be wise consumers, teachers feel they need to teach the inch-pound system. Our (Shaw 1971) . The time that had been devoted to teaching fractions in Great Britain before that country converted to the metric system was much reduced after conversion (Chalupsky, Crawford, and Carr 1974, 108 There is some experimental evidence that the metric system offers such a quality and efficiency advantage over the inch-pound system. E. James Tew, the director for quality assurance at Texas Instruments, conducted two controlled studies to compare the ease of calculation across the two measurement systems. He chose a sample of students who had been schooled in both metric and inch-pound measures. In a 1984 study, he randomly divided his sample into two groups to take measurements using laboratory instruments, one with metric equipment, the other with inch-pound equipment. He found that the metric equipment could be used more quickly, in 17.7% less time (Tew 1984) .
In a 1985 study, Tew had two equivalent groups perform some paper-andpencil computations, one using metric measures, the other using inch-pound measures. He found that the metric computations could be completed more quickly, in 44.9% less time (Tew 1985 Examining the measurement systems in this manner, it is easy to see why proponents claim that the metric system is more concise, internally consistent, and easier to use (see Tables 2a and 2b). Tables 2a and 2b contain the same amount of information: three measures (length, capacity, and weight), the names of seven units of each measure, and the conversion ratios between each unit and its neighboring units. Observation alone will reveal that the metric system conveys the same total amount of information more concisely than does the inch-pound system. A few simple calculations (in Table 2c ) will demonstrate the difference as well.
In the inch-pound system every unit has a unique name, so there are 21 unit names that one must remember if one is to know this three-measure system in inch-pound units completely. The conversion ratios between neighboring units are also unique: 12 inches in a foot, 3 Table la ).
Choosing the soft-conversion-to-inch-pound plan over the status quo, by contrast, would give every student into the foreseeable future an extra 11 1 classes over the course of their elementary-secondary school careers, probably in mathematics. This gain would come with some cost, however; that of retraining high school science teachers in inch-pound instruction (see Table 1 (Williams 1978 According to these present value calculations, choosing the soft-conversionto-metric plan over the status quo would provide our society a $17,653 million net benefit. Choosing the soft-conversion-to-inch-pound plan over the status quo, by contrast, would provide our society a $986 million net benefit.
There is no pretending that these estimates have been or could have been made with great precision. These are rough estimates. But, they are illuminating nonetheless, and they are robust. Because the estimates are so robust, 105 their margins of error can be very wide; the relative result would still be the same even with large estimation errors. Even if the net benefit estimates were off by 80%, the soft-conversion-to-metric plan would still be the winner, at least as far as our education system is concerned. The assumptions made in this analysis would have to be grossly erroneous for the relative result to be different.
Why is there such a difference among the three plans after all the calculations are complete? One reason is that U.S. metric conversion is already occurring to a large extent. The soft-conversion-to-inch-pound plan is costly because our nation's science classes have already converted entirely to metric. The soft-conversion-to-metric plan is feasible only because so much in our society is already metric or, at least, dual-labeled. As a society, we may have already passed the breakeven point, where it has now become more costly to revert to inch-pound than to convert to metric.
Another reason the net benefit numbers turned out the way they did has to do with the difference between savings into perpetuity and one-time-only costs. Classroom time is a large investment when one adds up the numbers because it affects so many people year after year. The one-time-only cost of retraining science teachers appears minuscule by comparison.
IMPLICATIONS CONVERTING U.S. HIGHWAY SIGNS
The next skirmish in the ongoing metric conversion struggle in the United States will take place over highway signs. To Canada completed the changeover within a period of 2 months; the U.S. FHWA has proposed 6 months to a year. Either of these time periods, and even longer time periods, would be consistent with a soft-conversion-tometric plan that would drop all inch-pound instruction in the schools starting next year. Even the oldest of the students now attending elementary school will not be driving on our roads for another 3 years.
Would a soft-conversion-to-metric plan be worth the cost of highway sign conversion? Judging by the calculations in Appendix A, freeing up just 2 days of math class (from now into perpetuity) would be worth about $430 million.&dquo; Those 2 days alone would more than pay for the conversion of all highway signs in the United States. If estimates in this analysis are reliable, the education benefits of the soft-conversion-to-metric plan would pay for the highway sign change 44 times over.
THE POLITICAL USE OF THIS INFORMATION
Currently, the debate over metric or dual-labeled highway signs revolves around U.S. entry into the global economy (for the proponents of the changeover) and the federal government's alleged arrogance of power and arbitrary usurpation of the rights and preferences of the states and their citizens (for the opponents of the changeover). In this author's opinion, the proponents of the change do not have a politically strong argument. It would probably seem a stretch to most voters to tie what is written on our domestic highway signs to our export companies' global competitiveness.
The analysis here offers changeover proponents what might be a stronger and more compelling argument: We may be harming our children, hindering their futures, and stunting our country's economic growth by miseducating our children. What U.S. citizens might not be willing to do to please the federal government or multinational corporations, they might be willing to do for their own children and their children's future prosperity.
USE OF THE ADDITIONAL INSTRUCTIONAL TIME
It is not certain that the entire windfall of additional instructional time would be applied solely to mathematics instruction or to adding additional subjects to the math curriculum.
The savings in instructional time to be gained by dropping inch-pound measures from the curriculum would accumulate over several grade levels, one to a few weeks each year. In a more recent article, however, Lewis and Seidman (1994) figure 108 for the amount of time spent in mathematics instruction only the amount for the school year of the tested group of students. For the high-scoring Japanese students, this was 7th grade, coincidentally a grade level with a relatively small amount of math instruction in the Japanese curriculum. Lewis and Seidman (1994) Congress 1982 Congress ,1987 Boyer 1979; Bright 1973; Elwell 1976; Fischer 1973; Helgren 1973; Paige 1978; Viets 1973) .
Largely through support from federal grants, school districts throughout the country developed and tried new curricula and methods for teaching the metric system (see &dquo;Federal Funds&dquo; 1976; U.S. Congress 1982 Congress , 1987 . These many reports presumably still exist and could be resurrected, eliminating the need for any such exploratory or preparatory studies again. Besides, at this point, teachers do not need to learn how to teach the metric system. They have been teaching the metric system for over a decade. This time around, metric conversion could consist quite simply of dropping a chapter a year out of the study plans. Nothing new pertaining to the metric system would need to be learned.
The early attempts at metric conversion in the schools taught educators one important lesson. It was better to teach the metric system on its own from scratch or to teach it through rough, convenient equivalencies with inchpound measures. When educators tried to teach metric through memorization of conversion ratios from inch-pound measures, students rebelled, learned poorly, and usually resented the metric system for the confusing complexity (even though the inch-pound system was the real culprit) (V Antoine, personal communication, July 1990; Paige 1978; U.S. Congress 1982 U.S. Congress ,1987 (Eicholz et al. 1987 As the inch-pound system enlarges, the amount of information necessary to know it completely expands roughly at a geometric rate. As the metric system enlarges, however, the amount of information necessary to know it completely expands roughly at an arithmetic rate. It is no wonder that scientists and engineers, who need to use enlarged measurement systems, prefer metric.
The difference in conciseness between the two systems is even greater than illustrated thus far because thus far I have considered conversion ratios only between neighboring units. In the metric system, each unit is one hundredth the value of the unit two units higher and a hundred times the value of the unit two units lower. In the inch-pound system, there is no such uniformity. The enlarged metric system is more concise than the enlarged inch-pound system by a factor of 30.
Americans have adapted to the complexity of the inch-pound system by knowing only an abbreviated system. We do not bother remembering furlongs, rods, barrels, hundredweights, or drams. And we do not bother remembering all the conversion ratios, even of the units with which we are familiar.
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